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IN VIVO STUDY OF MAL-PDT USING FLUORESCENCE
SPECTRA
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The fluorescence spectra of tumor tissues have been studied in vivo using
simple, double and triple irradiation schemes. From the analysis of these spectra we
could estimate the variations of protoporphyrine IX amount from living tissues. The
results have proved an increased efficiency of multiple light fractionated schemes
when compared to simple one. We also noticed that the best results were obtained
when using triple fractionated light irradiation scheme.
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1. Introduction

In order to destroy the malign and benign tumor cells, a new treatment
method called photodynamic therapy (PDT), combining the effects of a
photosensitive drug with optical irradiation was proposed [1,2]. The drugs
commonly used for this type of therapy are not toxic in the absence of light both
for tumor cells or for the healthy ones. They are systematically applied a few
hours, or sometimes days before the irradiation with visible for near infrared light
on the affected region. The photosensitive drug must display an absorption peak
within the wavelength spectra of the light used for the treatment. The activation of
the photosensitizer (methyl aminolevulinate - MAL) determines the excitation of
the transition product protoporphyrine IX (PpIX). When PpIX relaxes it induces
reactive oxygen species (ROS), i.e. toxic products for cells and mainly for tumor
cells which consume a great amount of oxygen.

Most of the photosensitive drugs display such behavior. Some species,
known as type Il photosensitizers are acting by transforming the stable oxygen
species into ROS inside the affected tissue. The singlet oxygen species are
strongly reactive and have an average life-time of 0.01-0.04 ps. The triplet oxygen
species are stable and no self-transition from the triplet to singlet state is possible.
This is the reason why a photosensitizer has to be used to induce the triplet-singlet
oxygen transition.
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Both therapists and physicists have to face two major challenges in this
therapy: the amount of drug needed to be used and the irradiation procedure. In
order to generate ROS in vivo, three things are necessary: a proper drug to
stimulate the photosensitizer, a light beam having wavelength in the vicinity of
the maximum absorption peaks of the photosensitizer and a proper irradiation
scheme needed to generate the greatest amount of ROS possible.

The quantitative evaluation of in vivo fluorescence is more difficult than
that occurring in vitro because any fluorescence measurement is influenced by
scattering and absorption phenomena. This is the reason why these effects must to
be minimized and explains why different procedures such as photodynamic
diagnosis (PD) [2,3] and fluorescence spectra recording methods [4-8] were
proposed.

2. Materials and methods
2.1 Animals

The experiments were performed by using the C57BI/6 line female mice
(6-8 months old) from the Victor Babes Biobase Institute (Bucharest) in which
cancer tumors were induced by transplantation. In order to do that, a donor mouse
with carcinoma has been sacrificed and tumor samples were taken. The samples
were mixed with physiological serum obtaining a homogenous tumor suspension.
From this suspension an amount of 0,4 ml was inoculated to each mouse. After 7
up to 9 days from the transplant the tumors were visible. When the tumors were
about lcm to 3cm diameter (27 days after the transplant) the photodynamic
therapy was initiated. The specific microclimate of the mice habitat had an
average temperature of 22+2 °C, relative humidity of 55£10 %, 12 hours light, 12
hours dark and controlled ventilation.

For the experiment, the 3R principle (Replacement, Refinement and
Reduction) proposed by Russel and Burch has been applied. The animals were
separated in 7 groups depending on the irradiation scheme and MAL incubation
time. (Table 1)

Table 1
The animal groups established for testing the efficiency of the fractionated irradiation
scheme.

GROUP 1 GROUP 2 GROUP 3 | GROUP 4 | GROUPS GROUP 6 | GROUP 7
Irradiation | Witness Simple Simple Double Double Triple Triple
scheme mouse (no

irradiation)
Incubation | Without 2 hours 4 hours 2 hours 4 hours 2 hours 4 hours

time incubation
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2.2 Photosensitizer

The photosensitizer was obtained by mixing 100 mg of methyl delta-
aminolevulinate hydrochloride powder with a temperature of 2-8 °C with 0.625 g
of Vaseline resulting 0.725 g of unguent. The whole operation has been performed
in a dark room using proper protection equipment. The unguent has been stored
into a container at 2-8 °C before being applied on the tumor.

Each mouse from the group was subjected to the same procedure before
treatment. First, they were washed and the fur was gently removed taking care not
to harm the skin. The residues were removed by tapping the region with a
sterilized wet tampon. The unguent has been applied gently by massage for 30 or
60 seconds. Finally, the mice were placed in a dark room for 2 or 4 hours
depending on the protocol.

2.3. Multiple fractionated irradiation scheme and photodynamic therapy

After the incubation period, the animals were anaesthetized and subjected to
the irradiation schemes as settled.

After MAL administration the animals from the groups 2, 4 and 6 were kept
into a dark room for 2 hours then subjected to irradiation sessions. The same
procedure was applied on the animals from groups 3, 5 and 7 excepting the fact
that the dark period for these groups was doubled (4 hours).

The first group was used as marker. To these animals were not performed any
treatment with MAL or laser radiation.

Fig.1:Laser irradiation of the mice tumors

An AlGalnP multiple laser plunge has been used in continuous wave mode for
three types of irradiation schemes:
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1. Single fractionated light irradiation scheme consisting of a single
irradiation session with the following set of parameters: A = 635
nm, power density released on the exposed aria P = 15 mW/cn?’,
exposure time texp1 = 1800 s. The plunger position was parallel to
the tumors (Fig.1)

2. Double fractionated light irradiation scheme consisting of two
irradiation sessions with the following characteristic set of
parameters: A = 635 nm, power density released on the exposed
ariaP =15 mW/cmz, The exposure times were tex,1 = 900 s for the
first session and texp2 = 900 s for the second session interrupted by
a dark period, tg,x = 30 min. (resting time???)

3. Triple fractionated light irradiation scheme consisting of three
irradiation session with 30 min pause between them, using the
same parameters (A = 635 nm, P = 15 mW/cm?) and the exposure
times: texp1 = 300 s, texp2 = 300 s and texpz = 300 s.

2.4. Fluorescence spectrometry

In order to evaluate the efficiency of the multiple irradiation schemes in
photodynamic therapy of the malign tumors, the fluorescence spectra were
recorded using an AvaSpec 2048-USB2 optic fiber spectrophotometer (Avantes,
The Netherlands, Europe).

3. Results

The fluorescence spectra obtained on mice in GROUP 2 and GROUP 3
using the simple fractionated light irradiation scheme are shown in (Fig. 2). One
can notice that in both cases the intensity of the fluorescence spectra peaks of
PpIX (the four peaks between 648 nm and 750 nm) recorded 24 h hours after the
irradiation (line 3) is considerably smaller than the ones obtained before
irradiation (line 1) indicating a decrease of the cancer cells amount. From the
intensity of the second group of mice recorded spectra (Fig. 2) we noticed a
decrease of the fluorescence maxima of PpIX immediately after the irradiation
(line 2) and no consistent difference 24 hours after the treatment (line 3) The
spectra recorded from the third group of mice presents a strong increase of the
fluorescence peaks of PpIX (line 2) due to a massive absorption of MAL in
cancerous cells followed by a drastic decrease 24 hours after the treatment (line 3)
as a result of tumor cells death or PpIX exhaustion. A synthesis of the results is
presented in Fig. 3 representing the values of the PpIX peaks for each group of
mice.
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Fig.2 Fluorescence spectra obtained using a single fractionated light irradiation scheme a)
GROUP 2 (2 hours of incubation) b) GROUP 3 (4 hours of incubation).
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Fig.3 Peak intensity after applying a single fractionated light irradiation scheme a) GROUP 2, (2
hours of incubation) b) GROUP 3 (4 hours of incubation).

When a double fractionated light irradiation scheme has been used on
GROUP 4 and GROUP 5 (Fig. 4 and Fig. 5) one can notice a decrease (about
20%) of fluorescence peaks of PpIX after the second irradiation session (line 3)
when compared to the ones obtained before the first irradiation (line 1) and an
increase 24 hours after the treatment (line 4). It results that this type of irradiation
is more efficient than the previous one because the number of the cells containing
protoporphyrine PpIX decreases after the first irradiation session and the light
fractionation allows the regeneration of PpIX instead of chemical destruction of

MAL.
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Fig.4 Fluorescence spectra obtained after the double fractionated light irradiation scheme a)
GROUP 4 (2 hours of incubation) and b) GROUP 5 (4 hours of incubation).
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Fig.5 Peak intensity after applying a double fractionated light irradiation scheme. a) GROUP 4 (2
hours of incubation) and b) GROUP 5 (4 hours of incubation).

The triple fractionated light irradiation scheme (Fig. 6, Fig. 7) treatment does not
seem to be more efficient than the double fractionated one because changes in the
fluorescence peaks before the first irradiation (line 1) and after the third
irradiation (line 5) are small when compared to the difference before the first
irradiation spectrum (line 1) and after the second irradiation one (line 3). From
(Fig. 7) we noticed a decrease of the protoporphyrine IX peaks recorded 24 hours
after the treatment suggesting a lower rate of regeneration.
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Fig.6: Fluorescence spectra obtained after the triple fractionated light irradiation scheme treatment
b) GROUP 7 (4 hours of incubation).
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Fig.7 Fluorescence spectra obtained after applying the triple fractionated light. a) GROUP 6 (2
hours of incubation) and b) GROUP 7 (4 hours of incubation).

different mice groups.

4. Discussions
Photodynamic therapy has been applied in vivo to a set of tumor tissues on

As photosensitive drug we used methyl delta-

aminolevulinate hydrochloride (MAL). During the treatment, simple double and
triple fractionated light irradiation schemes were applied. The results proved the
efficiency of the multiple fractionated light irradiation schemes comparing to the
classical single irradiation indicating a strong decrease of the tumor tissue 24
hours after the treatment. Our studies proved once again the treatment's efficiency
when fractionated light irradiation schemes are used allowing the PplX
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regeneration inside the cells instead of their chemical destruction. Both the double
and triple fractionated light irradiation scheme proved to be more efficient than
the single one but, double one is clearly more efficient.

5. Conclusions

After recording the fluorescence spectra of tumor tissues, we found that
the best results were obtained when using a double fractionated light irradiation
scheme. This is in an indication that by multiplying the fascicle fractions the
amount of reactive oxygen species (ROS) is not sufficient for a massive
destruction of tumor cells. Similar results were obtained when an in-vitro analysis
of MAL based photodynamic therapy using fractionated light was performed [9].
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